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Two channels for one job
SC Sansom1 and PA Welling2
The study by Rieg et al. is the first to examine potassium handling in 
BK–/– mice, thereby addressing many unanswered questions regarding 
the separate roles of BK and ROMK channels in renal potassium 
secretion. This Commentary is an interpretation and opinion of their 
results, by two researchers who have been studying BK and ROMK, 
respectively, as potassium secretory channels in the distal nephron.
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In recent years, exciting new advances 
in our understanding of renal potassium 
secretion and the control of potassium 
balance have challenged the view that one 
secretory channel can do it all (Figure 1). 
Rieg et al.1 (this issue) add a new key insight 
to this new evolution of understanding.
After careful characterization of chan-
nels in the kidney by patch-clamp tech-
niques2,3 and functional expression 
cloning eﬀorts4 in the late 1980s and early 
1990s, the ﬁeld rested in quiet, albeit short-
lived, conﬁdence that there was a single 
type of renal potassium secretory channel 
and it was the product of the ROMK gene 
(also known as KCNJ1 or Kir1.1). All was 
seemingly understood until loss-of-func-
tion mutations in ROMK were linked to 
Bartter’s syndrome,5 an inherited disease 
of thick ascending limb dysfunction that 
is characterized by volume depletion and 
potassium wasting. Although hypokalemia 
in patients with defects in ROMK (Bartter’s 
type II) is relatively mild compared with 
that in the other forms of Bartter’s syn-
drome, the ability of type II patients to 
excrete any potassium at all indicates that 
there must be a ROMK-independent path-
way for potassium secretion.
The so-called ‘big potassium’ (BK), 
or maxi-K, channel, hiding under the 
potassium secretion radar for over a 
decade, began to receive a renaissance 
of attention. As it turned out, the early 
patch-clamp pioneers of the collecting 
duct found these large-conductance BK 
channels first, before technical refine-
ments permitted accurate and consistent 
recording of smaller-conductance ROMK-
type channels.6 Unlike the constitutively 
active ROMK-type channel, BK channels 
must be coaxed to open by membrane 
depolarization and elevation of intracel-
lular calcium. So much so, it was hard to 
imagine how BK channels could be open 
under physiologic conditions in the distal 
nephron, and thus it was easy for most of 
us to quickly dismiss them as serious con-
tenders for the potassium secretion crown.
Fortunately, Lisa Satlin and her co-workers 
had a diﬀerent idea; they suspected that BK 
might open under conditions of high lumi-
nal ﬂow rates, reasoning that enhanced 
sodium delivery would depolarize the 
apical membrane potential and increase 
intracellular calcium enough to activate 
BK. Their elegant studies, revealing that a 
relatively speciﬁc blocker of BK channels 
— charybdotoxin — blocked ﬂow stimula-
tion of K secretion in the isolated perfused 
collecting duct, provided solid pharmaco-
logic proof of their suspicion.7
Available models from molecular genet-
ics were soon applied for deﬁnitive tests of 
BK in ﬂow-dependent K secretion. BK is 
composed of a pore-forming α-subunit 
and one of four accessory β-subunits that 
endow BK with tissue-specific special-
ized functions. Pluznick et al.8 found that 
knockout of the BK-β1 subunit, which is 
predominantly expressed in the connecting 
tubule, caused a remarkable attenuation of 
a kaliuretic response evoked by increased 
urinary flow in volume expansion. 
Together with the observations of Bailey 
et al.,9 who reported that potassium secre-
tion in ROMK-null mice was maintained 
by upregulation of a ﬂow-dependent, ibe-
riotoxin-sensitive pathway, this provided 
convincing evidence that BK channels con-
tribute to potassium excretion in high-ﬂow 
settings, such as those observed in Bartter’s 
syndrome.
Now, Rieg et al.1 begin to address the 
question whose answer we have been wait-
ing for. What happens to renal potassium 
secretion and potassium homeostasis when 
the BK pore-forming α-subunit is knocked 
out? In our view, there are four major ﬁnd-
ings of this study. First, the K secretion 
response to a vasopressin receptor-2 antag-
onist, an apparent model of enhanced ﬂow, 
was eliminated in the BK–/– mice. Second, 
BK–/– mice did not exhibit alterations in 
plasma potassium levels. Instead, ROMK 
appears to compensate, being considerably 
upregulated in the BK-null mouse. Finally, 
BK–/– exhibited substantially elevated 
plasma aldosterone levels.
The ﬁrst ﬁnding provides support for 
the involvement of BK in ﬂow-mediated 
potassium secretion. The use of vaso-
pressin receptor inhibitors to increase ﬂow 
complicates the interpretation, however, 
because we don’t know whether vaso-
pressin directly aﬀects BK, independent of 
ﬂow. Moreover, vasopressin is well known 
to maintain potassium secretion in low-
ﬂow states of antidiuresis,10 presumably by 
activating ROMK.11 Rieg et al.1 interpreted 
the stimulation of potassium secretion by 
vasopressin blockade in the wild-type mice 
as indicating that ﬂow-mediated activation 
of BK overrode the suppressive eﬀects on 
ROMK. Nevertheless, careful tubule per-
fusion studies are required to rigorously 
test whether secretion is directly aﬀected 
by ﬂow in the BK-null model.
Such studies in the BK–/– model should 
also help resolve a mystery about dis-
tal potassium secretion. Woda et al.7 
unexpectedly found that charybdotoxin 
completely blocks flow-dependent 
changes in potassium secretion, implying 
an exclusive role for BK. Such a result is 
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surprising because ﬁrst principles predict 
that increased ﬂow rate will also enhance 
potassium eﬄux through constitutively 
active ROMK channels as luminal potas-
sium is washed out and the driving force 
for K eﬄux is enhanced. Further studies 
with the perfused-tubule preparation in 
BK-null mice should help resolve whether 
the unanticipated response represents a 
heretofore unrecognized ﬂow-dependent 
inhibition of ROMK or untold, oﬀ-target 
eﬀects of the BK blocker.
Rieg et al.1 also found that BK-null 
mice do not exhibit frank alterations in 
potassium homeostasis, even when the 
BK–/– animals are provoked by a high-K 
diet. Apparently, ROMK successfully com-
pensated for any loss of BK-mediated K 
secretion. Upregulation of ROMK was par-
ticularly obvious in the cortical connect-
ing tubule (CNT), which hypertrophied in 
BK–/– mice on the high-K diet, and ROMK 
appeared to translocate to the apical mem-
brane. The mechanism by which ROMK is 
upregulated remains to be deﬁned. It will 
be especially important to learn whether 
the response is a direct consequence of the 
elevation of aldosterone or other factors.
Another important and noteworthy 
observation of Rieg et al.1 is the veriﬁca-
tion that a high-K diet evoked an increase 
in BK-α expression and hypertrophy of the 
CNT in the wild-type mice, paralleling a 
well-known increase of ROMK in the cor-
tical collecting duct. The result agrees with 
previous ﬁndings. For example, functional 
studies of Bailey et al.9 demonstrated that a 
high-K diet increased the IBTX-sensitive K 
secretion in the late distal–CNT segment. 
Together, the results provide strong sup-
port for the concept that BK works along 
with ROMK to enhance potassium excre-
tion upon chronic elevation of dietary 
potassium intake.
The elevated aldosterone levels in the 
BK–/– mice are surprising. Because the 
Figure 1 | Illustration of the separate roles of BK and ROMK in the distal nephron. 
ROMK channels are located in principal cells (PCs) of the distal nephron, which includes the 
connecting tubule and the cortical collecting duct. BK channels are located in both PCs and 
intercalated cells (ICs). However, the role of BK in ICs is uncertain, as Na-K-ATPase is minimal in 
these cells. Although BK and ROMK are primarily known as ‘flow-dependent’ and ‘constitutive’ 
K secretory channels, respectively, studies using BK–/– and ROMK–/– mice indicate that these 
channels may have some redundant roles during the various demands for K secretion.
phenotype is observed in the absence of 
alterations in plasma potassium levels, 
renin, or blood volume, it is likely that pri-
mary hyperaldosteronism or an unusual 
alteration in the pituitary–adrenocortical 
axis is in play. Future work is required to 
dissect this unexpected phenotype.
This new study of the BK–/– knock-
out, like the study of the ROMK–/–, has 
increased our appreciation of the support-
ing roles that BK and ROMK channels play 
in distal potassium secretion. It seems that 
each channel can upregulate in response to 
the absence of the other and guard against 
a fatal hyperkalemia. Perhaps the BK chan-
nel was more useful to prevent hyperkale-
mia in Paleolithic times of sudden intakes 
of high potassium with associated high dis-
tal ﬂows, whereas ROMK is more suited to 
the modern-day high-Na and low-K diet.
REFERENCES
1. Rieg T, Vallon V, Sausbier M et al. The role of the 
BK channel in potassium homeostasis and flow-
induced renal potassium excretion. Kidney Int 
2007; 72: 566–573. 
2. Frindt G, Palmer LG. Low-conductance K channels 
in apical membrane of rat cortical collecting 
tubule. Am J Physiol 1989; 256: F143–F151.
3. Wang W, Schwab A, Giebisch G. Regulation 
of small-conductance K+ channel in apical 
membrane of rat cortical collecting tubule. Am J 
Physiol Renal Physiol 1990; 259: F494–F502.
4. Ho K, Nichols CG, Lederer WJ et al. Cloning 
and expression of an inwardly rectifying ATP-
regulated potassium channel. Nature 1993; 362: 
31–38.
5. Simon DB, Karet FE, Rodriguez-Soriano J et al. 
Genetic heterogeneity of Bartter’s syndrome 
revealed by mutations in the K+ channel, ROMK. 
Nat Genet 1996; 14: 152–156.
6. Hunter M, Lopes AG, Boulpaep EL et al. Single 
channel recordings of calcium-activated 
potassium channels in the apical membrane of 
rabbit cortical collecting tubules. Proc Natl Acad 
Sci USA 1984; 81: 4237–4239.
7. Woda CB, Bragin A, Kleyman TR, Satlin LM. Flow-
dependent K+ secretion in the cortical collecting 
duct is mediated by a maxi-K channel. Am J Physiol 
Renal Physiol 2001; 280: F786–F793.
8. Pluznick JL, Wei P, Grimm PR, Sansom SC. BK-β1 
subunit: immunolocalization in the mammalian 
connecting tubule and its role in the kaliuretic 
response to volume expansion. Am J Physiol Renal 
Physiol 2005; 288: F846–F854.
9. Bailey MA, Cantone A, Yan Q et al. Maxi-K channels 
contribute to urinary potassium excretion in the 
ROMK-deficient mouse model of Type II Bartter’s 
syndrome and in adaptation to a high-K diet. 
Kidney Int 2006; 70: 51–59.
10. Field MJ, Stanton BA, Giebisch GH. Influence 
of ADH on renal potassium handling: a 
micropuncture and microperfusion study. Kidney 
Int 1984; 25: 502–511.
11. Cassola AC, Giebisch G, Wang W. Vasopressin 
increases density of apical low-conductance 
K+ channels in rat CCD. Am J Physiol 1993; 264: 
F502–F509.
